Background The clinical significance of complete revascularization for ST segment elevation myocardial infarction (STEMI) patients during admission is still debatable. Methods A total of 1406 STEMI patients from the Korean Myocardial Infarction Registry with multivessel diseases without cardiogenic shock who underwent primary percutaneous coronary intervention (PPCI) were analyzed. We used propensity score matching (PSM) to control differences of baseline characteristics between culprit only intervention (CP) and multivessel percutaneous coronary interventions (MP), and between double vessel disease (DVD) and triple vessel disease (TVD). The major adverse cardiac event (MACE) was analyzed for one year after discharge. Results TVD patients showed higher incidence of MACE (14.2% vs. 8.6%, P = 0.01), any cause of revascularization (10.6% vs. 5.9%, P = 0.01), and repeated PCI (9.5% vs. 5.7%, P = 0.02), as compared to DVD patients during one year after discharge. MP reduced MACE effectively (7.3% vs. 13.8%, P = 0.03), as compared to CP for one year, but all cause of death (1.6% vs. 3.2%, P = 0.38), MI (0.4% vs. 0.8%, P = 1.00), and any cause of revascularization (5.3% vs. 9.7%, P = 0.09) were comparable in the two treatment groups. Conclusions STEMI patients with TVD showed higher rate of MACE, as compared to DVD. MP performed during PPCI or ad hoc during admission for STEMI patients without cardiogenic shock showed lower rate of MACE in this large scaled database. Therefore, MP could be considered as an effective treatment option for STEMI patients without cardiogenic shock.
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Introduction
Multivessel disease (MVD) in coronary angiography is prevalent in 40%−50% of ST segment elevation myocardial infarction (STEMI) patients. [1, 2] MVD in STEMI patients is a significant risk factor to predict higher in-hospital and long-term mortality. These grave clinical results are due to higher co-morbid diseases including older age, diabetes mellitus (DM) and hypertension, lower left ventricular systolic function, and deterioration of renal function after the larger amounts of contrast agents used during coronary intervention. [3, 4] However, optimal treatment strategy for MVD in STEMI is still unclear. General principles in the ACC/AHA 2004 clinical guidelines and the ACC/AHA/ SCAI 2005 guidelines do not recommend the simultaneous intervention for non-culprit lesion in STEMI patients during primary percutaneous coronary intervention (PPCI). However, PPCI can be considered in limited cases of continuous cardiogenic shock or hemodynamic instability even after adequate revascularization for culprit lesion under appropriate mechanical supports. [5, 6] Recent advancements of anti-platelet agents, ventricular assist devices, drug-eluting stents, [7] low nephrotoxic contrast agents, [8] and intensive hemodynamic monitoring induced on-site during PPCI or ad hoc coronary interventions during admission for non-culprit lesions in STEMI patients have unknown clinical benefits and risks. Hannan, et al. [9] showed that on-site multivessel percutaneous coronary interventions (MP) are related with worse long-term prognosis, but staged MP on 60 days after the index procedure reduced major adverse cardiac events (MACE) rates, as compared to culprit lesion only percutaneous coronary intervention (CP). In another study, patients who underwent CP showed a higher rate of long-term MACE, as compared to patients with MP. [10] Additionally, the death and repeat revascularization rates in the short-term were similar between patients with complete revascularization (CR) and patients with incomplete revascularization, whereas long-term MACE free survival was significantly higher in the incomplete revascularization group. [11] Cavender, et al. [12] suggested that performing MP during PPCI for STEMI does not improve short-term survival, even in patients with cardiogenic shock. However, most of these studies enrolled very limited numbers of patients, [10] and were retrospective analyses with differences in basal characteristics in MP and CP groups, [11] or invoked some statistical interrogations to overcome basal characteristic differences, e.g., propensity score matching (PSM) were not adopted. [10] [11] [12] Therefore, an intensive clinical study to investigate the clinical efficiency of MP for MVD in STEMI population is required. Our analysis of the large scale KAMIR (Korean Acute Myocardial Infarction Registry) database with PSM will corroborate basic data on the importance of MP in STEMI populations.
Methods

Patient population and study design
KAMIR was initiated to determine characteristics of Korean acute myocardial infarction (AMI) patients and define better modalities of control and treatment to improve the survival of AMI patients as a 50 th anniversary memorial clinical project of the Korean Society of Cardiology from November, 2005. [13, 14] More than 50 cardiovascular centers with sufficient manpower and equipment for PPCI and venous thrombolysis for STEMI participated in this registry collected proper data on Korean AMI patients and established risk model and optimized therapeutic strategies for AMI. All participating cardiovascular centers achieved approval from the Institutional Review Board, and are under the regular monitoring processes.
This retrospective study included 1,406 STEMI patients in the KAMIR database who underwent PPCI and had MVD from Nov. 11, 2005 to Jan. 31, 2008. We included STEMI patients that underwent PPCI within 12 h after onset of chest pain with clear data on MACE for 1-year after discharge. Firstly, 7,818 selected patients had an initial diagnosis of STEMI. We eliminated a considerable number of patients via the following exclusion criteria: (1) patients with culprit lesion with left main area or significant stenosis with left main area (n = 195); (2) incomplete data of coronary angiography (n = 882); (3) Killip class IV (n = 376); (4) presenting to emergency room after 12 h of chest pain onset (n = 1,800); (4) more than two h delay from emergency room appearance to revascularization (n = 784); (5) no PPCI as the initial therapy (n = 720); (6) single vessel disease patients (n = 1,579); and (7) in-hospital death (n = 76). Survivors from the hospital after STEMI were included and analyzed to estimate MACE for one year after discharge.
Definition of terminology and primary endpoint
STEMI was defined as > 1 mm of ST segments elevation in at least two consecutive leads and reciprocal ST segment depression accompanied with at least 30 min of typical ischemic chest pain and typical form of myocardial enzyme elevation. MVD was defined as > 50% of diameter stenosis of ≥ 2 coronary vessels. We defined MP as multivessel coronary revascularization underwent during index PPCI or the 2 nd time PCI during admission for STEMI treatment, whereas CP was defined as only culprit vessel revascularization. Double vessel disease group (DVD) was defined as significant stenosis in two major epicardial vessels including infarct related artery (IRA), and triple vessel disease group (TVD) was patient with significant coronary stenotic lesions in all three epicardial vessels. Primary end points of this study were defined as MACE for one year after discharge of STEMI patients who underwent PPCI. MACE was composed of all cause of death, MI, and any cause of revascularization including repeated PCI and coronary artery bypass graft (CABG).
Statistical analysis
Continuous variables were described as mean ± SD, and categorical variables were described as percentages (%). We used t-test based analysis for continuous variables and chi-square based approach for categorical variables. Our study was based on a large-scaled database that had significantly different baseline clinical characteristics between MP and CP groups. Therefore, we used the PSM to adjust baseline characteristics differences in both groups to obtain a significant meaning of the MACE rate. Kaplan-Meier analysis and the log-rank test were used in MACE free survival analysis. All analyses were performed using SPSS (SPSS Inc. Chicago, IL) version 21.0 and SAS (SAS Institute, Cary, NC) version 9.3.
Result
Baseline characteristics
We compared basic clinical characteristics in terms of patients groups (Table 1) . TVD group was older (63.7 ± 12.0 years vs. 62.1 ± 12.1 years, P = 0.02), had higher prevalence of hypertension (52.3% vs. 46.4%, P = 0.03), diabetes mellitus (29.3% vs. 24.2%, P = 0.04), as compared to the DVD group. There was no significant difference of gender composition (female 26.4% vs. 24.2%, P = 0.38), body mass index (BMI) (24.2 ± 3.2 kg/m 2 vs. 24.2 ± 3.1 kg/m 2 , P = 0.74), prevalence of dyslipidemia (8.5% vs. 7.9%, P = 0.77), history of ischemia heart disease (13.3% vs. 12.5%, P = 0.75), family history of cardiovascular disease (7.3% vs. 7.2%, P = 1.00), composition of Killip Class (P = 0.15) in the TVD and DVD groups. TVD showed a higher rate of discharge medication with calcium channel blocker (CCB, 10.3% vs. 5.5%, P = 0.00). There was similar prescription rates for aspirin (97.0% vs. 97.3%, P = 0.75), β-blocker (73.8% vs. 75.3%, P = 0.53), clopidogrel (94.3% vs. 95.7%, P = 0.25), angiotensin converting enzyme (ACE) inhibitor (68.6% vs. 67.2%, P = 0.60), angiotensin receptor 26.3%, P = 1.00), dyslipidemia (8.5% vs. 6.9%, P = 0.52), and history of ischemia heart disease (13.5% vs. 10.1%, P = 0.17) were similar in both CP and MP groups. The discharge prescription rates of cilostazol (32.1% vs. 52.2%, P = 0.01) was significantly higher in the MP than CP group. Aspirin (97.2% vs. 97.2%, P = 1.00), clopidogrel (95.6% vs. 93.1%, P = 0.10), β-blocker (74.5% vs. 75.3%, P = 0.87), CCB (7.0% vs. 9.3%, P = 0.23), ACE inhibitor (70.0% vs. 71.7%, P = 0.16), ARB (15.4% vs. 12.1%, P = 0.24) and statin (76.6% vs. 76.1%, P = 0.87) were equally prescribed in both CP and MP groups at discharge.
Clinical outcomes using propensity score matching in DVD vs. TVD
We used a PSM to adjust differences of the basic clinical characteristics and unbalanced number of patients in the DVD and TVD groups. Conditional variables were defined as age, female, hypertension, diabetes mellitus, smoking, dyslipidemia, family history of cardiovascular vessel disease (CVD), IHD, Killip Class, and discharge medications including asprin, clopidogrel, cilostazol, β-blocker, CCB, ACE Inhibitor, ARB, and statins. The confounding variables such as age, hypertension, diabetes mellitus and CCB were adjusted (Table 2 ). In the analysis of MACE without a PSM, the TVD group showed higher rate of MACE (14.2% vs. 8.1%, P = 0.00). There was no difference in all cause of death (3.0% vs. 1.9%, P = 0.21), MI (0.5% vs. 0.2%, P = 0.40), but any cause of revascularization was significantly high in TVD group (10.6% vs. 5.9%, P = 0.00) in both repeated PCI (9.6% vs. 5.8%, P = 0.01), and CABG (1.1% vs. 0.1%, P = 0.02) in the one year follow-up (Table 3) . Survival analysis based on log rank test showed significant differences among the two groups in terms of one year MACE (log rank = 0.00; Figure 1A ), any cause of revascularization (log rank = 0.00; Figure 1C ), repeated PCI (log Figure 1 . MACE analysis for one year in patients with DVD and TVD. TVD patients showed higher MACE rate for one year. This result was due to higher incidence of all cause of revascularization including PCI and CABG. CABG: coronary artery bypass graft; DVD: double vessel disease; MACE: major adverse cardiac events; MI: myocardial infarction; PCI: percutaneous coronary intervention; TVD: triple vessel disease. rank = 0.01; Figure 1D ), and CABG (log rank = 0.01; Figure 1F) . After the adjustment of confounding variables with a PSM, TVD group still showed significantly higher rate of MACE at one year after index PCI (14.2% vs. 8.6%, P = 0.01). In detail, TVD patients had a higher incidence of any cause of revascularization (10.6% vs. 5.9%, P = 0.01) and repeated PCI (9.5% vs. 5.7%, P = 0.02). There was no significant differences on all cause of death (3.0% vs. 2.5%, P = 0.72), MI (0.5% vs. 0.2%, P = 0.62), and CABG (1.1% vs. 0.2%, P = 0.12) (Table 3) . Additionally, survival analysis based on log rank test showed significant differences among the two groups in terms of one year MACE (log rank = 0.00; Figure 2A ), any cause of revascularization (log rank = 0.01; Figure 2C ), and repeated PCI (log rank = 0.02; Figure 2D ). Figure 2 . MACE analysis for one year in patients with DVD and TVD after controlling with propensity score matching. After adjustment of clinical variable differences by propensity score matching, TVD patients showed higher MACE compared to DVD patients. Major difference existed in repeated revascularization. DVD: double vessel disease; MACE: major adverse cardiac event; MI: myocardial infarction; PCI: percutaneous coronary intervention; TVD: triple vessel disease. Data are expressed as n (%). CABG: coronary artery bypass graft; CP: only culprit vessel percutaneous coronary intervention; DVD: double vessel disease;
MACE: major adverse cardiac events; MI: myocardial infarction; MP: multivessel percutaneous coronary intervention; PCI: percutaneous coronary intervention; PSM: propensity score matching.
Clinical outcomes using propensity score matching in CP, MP
CP and MP group without PSM showed a similar rate of MACE (11.2% vs. 7.3%, P = 0.07), all cause of death (2.5% vs. 1.6%, P = 0.50), MI (0.3% vs. 0.4%, P = 1.00), any cause of revascularization (8.4% vs. 5.3%, P = 0.12) including repeated PCI (7.8% vs. 5.3%, P = 0.23), and CABG (0.6% vs. 0.0%, P = 0.61) ( Table 4 ). Figure 3 showed survival analysis based on log rank test in CP and MP groups without PSM for one year. After the adjustment of confounding values i.e., Killip class and cliostazol using a PSM, CP group showed a significantly higher rate of MACE (13.8% vs. 7.3%, P = 0.03) in the one year follow-up. In detail, there were no significant differences on all cause of death (3.2% vs. 1.6%, P = 0.38), MI (0.8% vs. 0.4%, P = 1.00), any cause of revascularization (9.7% vs. 5.3%, P = 0.09) including repeated PCI (8.9% vs. 5.3%, P = 0.16), and CABG (0.8% vs. 0.0%, P = 0.25) (Table 4) . Additionally, survival analysis based on log rank test showed a significant difference among the two groups in terms of one year MACE (log rank = 0.02) ( Figure 4A ).
Discussion
We determined the clinical benefit of MP, as compared to CP during admission of STEMI. The KAMIR database was used in the retrospective study and a PSM was applied to adjust mismatched baseline characteristics of enrolled population between MP and CP in the KAMIR database. Conclusively, MP including on-site or ad hoc PCI after PPCI to open non-culprit lesions in STEMI with MVD significantly reduced MACE, as compared to CP for one year after PPCI. There are several debatable issues on MP for non-culprit lesions in STEMI patients. First is the possibility of higher in-stent restenosis and its related revascularization that occurred by higher number or longer stent usage in MP, as compared to CP in STEMI patients. However, this problem was significantly reduced with drug eluting stents. [7, 15, 16] Second is the higher amount of contrast agents, which it is directly related with renal dysfunction and closely related to higher MACE and overall mortality rate in AMI patients. [17] This problem can be prevented by adequate intravenous fluid resuscitation, reduced use of contrast agent with precise fluoroscopic image review during procedure, and low nephrotoxic contrast agents, e.g., non-ionic and iso-osmolar agents. [8] Despite the advances in PCI, the clinical benefit of MP in STEMI remains unclear. Cavender, et al. [12] analyzed the national cardiovascular data registry to determine the cardiac event in in-hospital outcomes of patients for STEMI with MVD. These data suggested that performing MP during primary PCI for STEMI does not improve short-term survival even in patients with cardiogenic shock. Although this study used the generalized estimation equation model to adjust the confounding values, their data on patients might be prejudiced by bias of patient characteristics among the groups, i.e., time of symptoms to bloom time or cardiogenic shock. Meliga, et al. [11] confirmed complete revascularization had a higher rate of periprocedural MI and MACE, as compared to culprit only PCI in short-term follow-up, but complete revascularization significantly reduced MACE at the two year follow-up post-PPCI; this long-term benefit was due to the reduction of revascularization, not from cardiovascular death or MI. This was a retrospective study with significant differences of baseline characteristics between the two groups. Hannan, et al. [9] showed that patients undergoing staged MP within 60 days after the index procedure had a significantly lower 12-month mortality rate that patients undergoing CP alone. The enrolled population of their study was older than our study patients possibly contributing to the intra-study differences in MACE free survival. Politi, et al [10] compared the clinical impact between CP and MP during PPCI and staged revascularization and simultaneous MP in STEMI patients. The CP showed a higher long-term MACE rate, as compared with MP and there was no significant MACE rate differences between the staged revascularization and simultaneous MP group. [10] The small study population, however, decreases the reliability of their result as compared with our study. More importantly, the previous studies included in-hospital events, whereas our study excluded in-hospital events in order to analyze the prognosis of discharged patients. Additionally, we considered the discharge medications, since the baseline characteristics in medication were significantly different. . MACE analysis for one year in patients with CP and MP after controlling with propensity score matching. After use of propensity score matching, MP showed significant lower incidence of MACE compared to CP. Even though all subsets of MACE were comparable in both groups, composite MACE was significantly lower in MP. CP: culprit vessel percutaneous coronary intervention; MACE: major adverse cardiac event; MP: multivessel percutaneous coronary intervention; MI: myocardial infarction; PCI: percutaneous coronary intervention.
According to our data, TVD showed significantly higher MACE rate than DVD. MP during admission of STEMI patients likely reduces post-discharge MACE. We cannot generalize the current data to actual clinical practice, which was a study limitation. CP included simultaneous non-IRA lesion PCI during PPCI, and ad hoc PCI during admission http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology for STEMI. So, MP does not mean complete revascularization in on-site PPCI. We could not estimate the incidence of puncture related complication and cerebrovascular events due to the basic structure of the KAMIR database. Our data clearly showed that TVD patients showed significantly worse basal clinical characteristics. After the adjustment of baseline characteristics with a PSM, TVD group showed a higher MACE rate, as compared to DVD patients in one year after PPCI. The difference in MACE was due to the significant difference of any cause of revascularization and repeated PCI. A higher incidence of MACE was observed in the CP than MP group in one year follow-up. Hence, STEMI patients with TVD showed a higher rate of MACE, as compared to DVD. MP including those performed during index PPCI or admission for patients with STEMI and MVD in relatively stable vital status (Killip 1 to 3) can limit the MACE rate in the long-term period after discharge. A further decisive prospective, randomized, large scale clinical trial is clearly required.
